By introducing a homogeneous piezoelectric material and its Green's function, we present a new semianalytical three-dimensional perturbation method for general inhomogeneity problems in anisotropic and piezoelectric solids. This method removes the limitations associated with previous analytical methods, which often ignore the anisotropic properties or the difference between the material properties of the inhomogeneity and its surrounding matrix. As an important application, the proposed theory is employed to calculate the elastic and electric fields in a truncated pyramidal InAs/GaAs quantum-dot (QD) nanostructure. Numerical results demonstrate that the anisotropy of the materials and the difference between the material constants of the QD and the matrix have a significant influence on the strain and electric fields. The relative differences of the strain and electric field inside the QD between the simplified isotropic and homogeneous model and the real anisotropic and heterogeneous one may reach 22% and 53%, respectively. The accuracy of the calculated elastic strain and electric fields is improved greatly by a second order approximate solution (OAS). Since the third OAS nearly coincides with the second one, good convergence of the iteration procedure is demonstrated. Moreover, contours of the hydrostatic strain and electric potential within and around the QD are also presented and analyzed.
Introduction
Inhomogeneities in solids are of great interest. Particularly in recent years, considerable efforts have been invested in the study of semiconductor nanostructures such as quantum wells (QWs), quantum wires (QWRs), and quantum dots (QDs) due to their special physical behaviors (Bandyopadhyay and Nalwa, 2003; Steiner, 2004; Wang and Voliotis, 2006; Cullis and Midgley, 2008; Duggen et al., 2008; Shih et al., 2009) . Because of the difference between material properties of the inhomogeneity and its surroundings in a QD or QWR structure, lattice or thermal mismatch often plays an outstanding role in the fabrication of these nanostructures (Holý et al., 1999; Heidemeyer et al., 2003; Beck et al., 2004; Pan et al., 2009; Even, 2009) . Elastic strain fields are often coupled with other physical properties in semiconductor nanostructures (Widmann et al., 1998; Sharma and Ganti, 2004; Romanov et al., 2006; Garg et al., 2009; Shi et al., 2009; Zhang et al., 2009 ). For instance, semiconductor materials such as GaN, GaAs, InAs, and InN are often piezoelectric. Therefore, coupling between elastic strains and electric fields exists inherently in these nanostructures, i.e. the strain field induced by the lattice or thermal mismatch in nanostructures of these materials will induce an electric field, and vice versa (Yang, 2006; Pan et al., 2007) . The relaxation of the misfit strain and consequent electric field inside a piezoelectric nanodevice may change its electronic states and band gaps (Ambacher et al., 1999; Ma et al., 2007; Lassen et al., 2008; Kurdi et al., 2010) . Because strain has such a material effect on these nanostructures, accurate methods of predicting the strain in nanostructures and its effects on their properties are useful.
Distributions of elastic and electric fields, due to buried nanoinhomogeneities with misfit strains induced by lattice or thermal mismatch, can be calculated by several approaches including experimental techniques (Wang and Voliotis, 2006; Feneberg et al., 2006; Capellini et al., 2010) , finite element and difference methods (FEM/ FDM) (Faux et al., 1994; Liao et al., 1999; Benabbas et al., 1999; Johnson and Freund, 2001 ), boundary element methods (BEMs) (Yang and Pan, 2002; Pan et al., 2005) , and atomistic simulations (Migliorato et al., 2002a,b; Rodrí guez-López et al., 2004; Makeev et al., 2004; Gates et al., 2005; Pyrz, 2008) . Atomistic simulations are, of course, far more computationally expensive compared to those employing continuum mechanics, such as FEM and BEM (Ramsey et al., 2008) .
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